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Abstract
Borexino started operations in 2007 with background conditions that were low enough for measurements of 7Be neu-
trinos, 8B neutrinos with low threshold energy, pep neutrinos, and a new upper limit on CNO neutrinos. These data
provided the ﬁrst direct probe of neutrino oscillations in the energy range covering the MSW transition from vacuum
oscillations to matter-eﬀect oscillations. Lower backgrounds will improve the accuracy of current measurements and
provide an opportunity for possible measurement of pp and CNO neutrinos. The ﬁrst eﬀort to reduce background by
scintillator re-puriﬁcation using water extraction started in 2010 with a successful campaign that lowered 85Kr and
210Bi backgrounds. Data for a possible measurement of pp neutrinos are being analyzed. Recent improvements in scin-
tillator re-puriﬁcation have been identiﬁed that could reduce backgrounds to yet lower levels for a possible measurement
of CNO neutrinos. The current results, the scintillator puriﬁcation methods, and the future scientiﬁc opportunities for
solar neutrino research will be discussed.
c© 2011 Published by Elsevier Ltd.
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1. Introduction
The nuclear reactions that power the Sun produce an intense source of neutrinos that have been the sub-
ject of experimental study for several decades. Because of the intimate relationship between the particles and
the nuclear processes that produce them, the science of solar neutrinos necessarily involves a combination
of the fundamental physics of neutrinos and the astrophysics of the Sun itself. Thanks to many experiments,
including those on solar neutrinos, much is now understood about the physics of neutrinos and neutrino
oscillations, yet much remains to be understood: the possibility of sterile neutrinos, the neutrino mass, the
mass hierarchy, the Majorana nature, CP violation. Solar neutrinos are not helpful for addressing many of
these open questions, but more precise measurements of all the solar neutrinos will solidify our understand-
ing of neutrino oscillations, and may reveal evidence for yet undiscovered non-standard interactions.
The astrophysics of the Sun has also matured, but with this progress new problems have arisen concern-
ing the chemical composition of the Sun. The ”solar metallicity problem”, as the composition problem is
called, raises serious questions about our understanding of the structure, composition, and history of the
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Sun. Future measurements of solar neutrinos, especially CNO neutrinos, can provide unique probes of the
Sun’s interior that can help clarify the solar metallicity problem.
Borexino opened the possibility of direct detection of low energy (< 2 MeV) solar neutrinos with break-
throughs in low-background methods. This talk will focus on the methods employed to achieve those favor-
able background conditions, and on the possibility of yet lower backgrounds that will allow more sensitive
measurements of solar neutrinos. Lower background in the future will improve the 7Be and pep measure-
ments, which will improve the evidence for the MSW transition from low-energy vacuum oscillations to
matter-eﬀect oscillations. Future results with suﬃciently low background may also include a measurement
of CNO neutrinos. The CNO ﬂux is a direct probe of the heavy element composition in the core of the Sun,
and thus bears directly on the solar chemical composition (metallicity) problem. For an excellent discussion
of the current status and future opportunities of solar neutrino research, the reader is directed to Ref. [1].
We begin with a brief summary of the nuclear reactions that power the Sun and the neutrinos that are
produced by these nuclear processes As shown in Fig. 1, the nuclear reactions can be divided into two
cycles: the pp chain, which is thought to be responsible for ∼99% of solar energy production [2], and the
CNO cycle, which is expected to contribute little of the Sun’s power, but which is expected to be dominant
in more massive stars.
Fig. 1. The pp and CNO solar fusion cycles. Among neutrinos produced in the pp cycle, the pep, 7Be, and 8B neutrinos have been
measured spectroscopically, whereas pp neutrinos were measured by radiochemical methods; the hep neutrinos from fusion of 3He +
proton have not been measured. The CNO neutrinos have not been observed, but their detection is a current goal of Borexino.
The expected ﬂuxes and spectra of solar neutrinos from the diﬀerent reactions are shown in Fig. 2. The
energies of solar neutrinos extend up to 18.8MeV, but the majority have energies below 1MeV. The solar
neutrino ﬂux at Earth is quite high, especially the pp neutrinos with a ﬂux of ∼ 1010/cm2/s.
2. The Borexino Detector
The main features of the Borexino detector are illustrated schematically in Fig. 3. The active detector is
278 tons of a two-component liquid scintillator composed of pseudocumene (PC) and 2,5-diphenyloxazole
(PPO), a wavelength shifter. The scintillator is contained in a thin nylon vessel and shielded by two PC
buﬀers separated by a second nylon vessel. The scintillator and buﬀers are contained within a 13.7 m
stainless steel sphere that is housed in a 16.9 m domed water tank for additional shielding.
Neutrinos are detected by their elastic scattering on electrons in the liquid scintillator, ν + e− → ν + e−.
The scintillation light-yield is a measure of the energy imparted to the electron, but has no sensitivity to
direction. The scintillation photons are detected with an array of 2200 photomultiplier tubes mounted on
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Fig. 2. The solar neutrino ﬂuxes and spectra predicted by the BSHP11 Standard Solar Model [3].
the inside surface of the stainless steel sphere. With a light yield of 500 detected photons per MeV, the
energy resolution is about 5% at 1 MeV and the position resolution is 10 to 15 cm. A second array of
photomultiplier tubes inside the water tank provides an eﬃcient detector of Cˇerenkov light produced by
muons that pass through the water. For details about the detector, the reader is referred to Ref. [4].
Stainless Steel SphereExternal water tank 
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Nylon Outer Vessel
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Fig. 3. The Borexino Detector
The scintillator is shielded from external gamma rays by graded shielding, in this case a combination of
high purity water and PC buﬀer ﬂuids. Additional shielding against gamma rays from the PMT’s and the
nylon vessel is accomplished by selecting an inner ﬁducial volume that is shielded by more than one meter
of scintillator. The position of the scintillation event is determined by a photon time-of-ﬂight method. This
strategy results in an external gamma background that is small compared to the 7Be neutrino rate; the main
backgrounds in the ﬁducial volume are due to radioactivity in the scintillator itself: naturally occurring
14C , inherent to many biogenic hydrocarbons, 11C , produced by cosmic ray muons, and trace levels of
radioactive contaminants in the U and Th chains, in particular, the222Rn daughters, 210Pb ,210Bi, and 210Po.
With the external background highly suppressed, the crucial requirement for detection of solar neutrinos
is the internal radioactivity in the scintillator. The basic strategy employed for Borexino is to purify the
scintillator with a combination of distillation, water extraction, and nitrogen gas stripping. These are all
standard processes, but special precautions were taken to assure high cleanliness and low radioactivity in all
parts of the equipment [5]. For example, the nitrogen used for gas stripping was selected for its low content
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of radioactive 85Kr and 39Ar [6].
Because of its close proximity to the ﬁducial volume, the nylon containment vessel is a potential source
of background that can arise from bulk and surface radioactivity. The main problems are gamma rays from
radioactivity in the nylon, diﬀusion of 222Rn from the bulk nylon, and surface 210Pb on the vessel due to
radon exposure. To assure a vessel with low background, a major eﬀort was made to produce nylon vessels
with nylon ﬁlm produced from low radioactivity materials, and to fabricate the vessel in a sealed cleanroom
supplied with low radon air [7].
2.1. Initial Filling of Borexino and Scintillator Puriﬁcation Systems
Borexino was ﬁrst ﬁlled with high purity de-ionized water in an eﬀort to use the water for a last cleaning
of the nylon vessel before ﬁlling the detector with liquid scintillator. Since the organic solvent is lighter
than water and is immiscible with water, it ﬂoats on water. Thus, after the detector was ﬁlled with water,
the scintillator and buﬀer ﬂuids were added to the detector by ﬁlling through the top of the detector, while
draining water from the bottom of the detector. The three zones were ﬁlled in a step-by-step pattern, while
draining water from each respective zone.
The scintillator was pre-puriﬁed underground with puriﬁcation systems developed to assure a low intrin-
sic radioactivity. The systems were based on successful results with methods developed for the Counting
Test Facility [8]. The PC and PPO scintillator components were distilled underground in separate systems,
then mixed in-line as the detector was ﬁlled, as illustrated in Fig.4. As shown in the left side of Fig. 4, the
PC was puriﬁed in-line as the detector was ﬁlled, ﬁrst by distillation in a 6-stage column, then by nitrogen
gas stripping in a column with structured packing. Because commercial PPO was found to have a high level
of K that could be reduced by water extraction, a concentrated ”Master Solution” of PPO dissolved in PC
was ﬁrst puriﬁed by water extraction, then distilled with a falling ﬁlm evaporator, as shown in the right side
of Fig. 4. The PPO Master solution was added to the PC stream during the ﬁlling of the Inner Vessel. DMP
(dimethylphthlate) was added in-line to the PC for the buﬀer zones to quench the scintillation of PC due to
gamma rays from the PMTs and the Stainless Steel Sphere.
Fig. 4. The Borexino scintillator puriﬁcation and ﬁlling systems. The left side illustrates the distillation and nitrogen stripping columns
used to purify pseudocumene during ﬁlling. A pre-puriﬁed concentrated solution of PPO and PC is added in-line to the PC during
ﬁlling. The right side illustrates the falling ﬁlm evaporator system used to purify the concentrated solution of PPO and PC prior to
ﬁlling.
One of the results observed after the initial ﬁlling of Borexino was the very large rate of 210Po, amount-
ing to ∼ 8, 000 counts/(day·100 ton). The high rate was puzzling because the rate of 210Pb and 210Bi, the
precursors of 210Po, were very low, of the order of ∼ 10 counts/(day·100 ton). The break in secular equi-
librium of the A = 210 isotopes was unexplained for several years. As discussed later in this report, recent
studies show that water puriﬁcation by de-ionization is ineﬀective for removing 210Po. Since the water for
the initial ﬁlling and for water extraction of the PPO was groundwater puriﬁed by de-ionization, and since
the ground water contains radon and its daughters, including 210Po, it is quite likely that the origin of the
high rate of 210Po was the water.
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3. Neutrino Measurements
The energy spectra used to measure the 7Be ﬂux with an uncertainty 5% are illustrated in Fig. 5 [9]. The
data are based on 740.7 live days taken between May 16, 2007 and May 8, 2010. The 7Be neutrino rate,
which produces the box-like shape, was determined by ﬁtting its energy spectrum and the spectra of 210Po,
11C, 85Kr, and 210Bi backgrounds, to the observed spectrum, while ﬁxing the pp, pep, and CNO spectra to
their expected high metallicity rates. The 210Po decays by emission of a 5.3 MeV α particle that appears as
the big peak in the middle of the 7Be spectrum, a little above 400 keV. It appears at a lower energy than
electrons of the same energy due to quenching of scintillation light associated with the higher stopping power
of α particles compared to electrons. The initial 210Po rate of ≈ 8000 counts/(day·100 ton) has decreased
steadily due to natural decay with half-life of 138 d. The lower part of Fig.5 illustrates the spectrum after
using pulse shape discrimination to remove the 210Po alpha particle events from the data.
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Fig. 5. Two example ﬁts to the Borexino data. The ﬁt on the left uses Monte Carlo based component spectra and does not use the full
α statistical subtraction, while the ﬁt on the right uses analytic component spectra
These spectra also illustrate the backgrounds for the pep and 8B measurements made in the same pe-
riod from 2007 to 2010 before the scintillator re-puriﬁcation was carried out. Background due to 210Bi and
85Kr were relatively large, which contributed to the uncertainty in 7Be and obscured CNO neutrinos. Nev-
ertheless, even with the initial backgrounds, signiﬁcant progress was made in observing solar neutrinos. The
measurements included the ﬁrst observation of pep neutrinos. We will not discuss details here, but reduc-
tion of 11C background was essential and involved determining the track of the muon, the neutron that was
produced when the muon struck 12C to make 11C , and the subsequent 11C beta decay.
Table 1. Solar Neutrino and Geo-neutrino Rates Measured by Borexino.
Solar Neutrinos Measured Rate (cpd/ton) Reference
7Be 0.460 ± 0.023 [9]
8B 0.0022 ± 0.0004 [10]
pep 0.031± 0.005 [11]
Geo-neutrinos 14.3 ± 4.4 events (total) [12]
A summary of the 7Be, pep, and 8B neutrino rates measured by Borexino is given in Table 1. The
table also includes the measurement of geo-neutrinos. The Borexino solar neutrino data for 7Be, pep, and
all measurements of 8B neutrinos can be used to extract the contribution of the pp neutrinos from the rates
measured in the gallium experiments. Comparing the rates for all the neutrinos to the predicted rates without
oscillations then yields the survival probability of the electron neutrinos illustrated in Fig. 6, taken from
Ref. [1]. The MSW survival probability predicted from all neutrino oscillation measurements is illustrated
by the dashed curve. The decrease in the survival probability between the low energy pp neutrino data
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and the high energy 8B data is due to the transition from vacuum oscillations at low energy, to matter-
eﬀect oscillations at high energy. The centroid of SNO’s 8B low threshold data falls below the MSW
curve with decreasing energy, but the signiﬁcance is not high. The overall agreement between the predicted
MSW transition from vacuum oscillations to matter-eﬀect oscillations is good, but the uncertainty in the
pep neutrino result is large, as is the trend of the 8B data. The transition region is sensitive to new physics,
including non-standard interactions and sterile neutrinos. Improving the measurements, especially the pep
and low energy 8B data is motivated by this sensitivity.
Fig. 6. Solar Neutrino Survival Probability. The pp neutrino data point was determined from the gallium experiments after correction
for contributions from other neutrinos as determined from measured rates. The dashed curve illustrates the expected MSW transition
from vacuum to matter-eﬀect neutrino oscillations. [1]
4. Background Reduction by Scintillator Re-puriﬁcation
The future Borexino solar neutrino program is aimed at more precise measurements of 7Be, pep, and
8B neutrinos, as well as ﬁrst measurements of pp and CNO neutrinos. All of these goals will beneﬁt from
lower scintillator background, especially the 85Kr and 210Bi backgrounds. A lower background is partic-
ularly important for CNO neutrinos because of its small expected rate (≈ 5 counts/(day·100 ton) in high
metallicity), and its smooth spectral shape that is possible, but diﬃcult, to distinguish from 210Bi back-
ground due to the 11C background that obscures their diﬀerent end-point energies: 210Bi K.E.max(β−) =
1.16 MeV, and CNO K.E.max(e−) = 1.51 MeV. In addition, due to various Borexino scintillator operations
connected with a leak in the nylon vessel, the 210Bi background increased from an initial level of ≈ 15
counts/(day·100 ton) in 2007 to ≈ 70 counts/(day·100 ton) in 2010. The 85Kr remained constant at ≈ 30
counts/(day·100 ton).
The scintillator re-puriﬁcation operations employed water extraction and nitrogen stripping. Water ex-
traction can be expected to remove non-volatile impurities such as 210Pb and 226Ra, whereas nitrogen gas
stripping should remove 85Kr and other volatiles. The scintillator ﬂuid handling and re-puriﬁcation systems
are illustrated in Fig.7. The left side of this ﬁgure illustrates the ﬂuid handling system in which scintillator
is removed from the bottom of the detector, passed through either distillation or water extraction columns,
then through the nitrogen stripping column, and is ﬁnally returned to the top of the detector. This ”loop
mode” puriﬁcation is capable of processing about 1 ton of scintillator per hour, with a total time to process
all of the scintillator of 2 to 3 weeks, allowing for some down time.
The left side of Fig.8 illustrates the current water extraction system. The water for this process is
groundwater from the LNGS water supply that is puriﬁed by a plant utilizing reverse osmosis and ion
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exchange [13]. The de-ionized water from the water plant ﬂows into the water extraction system where it
is distilled by a single-stage evaporator. Water vapor from the evaporator is condensed in a vessel above
the water extraction column and is then contacted with the scintillator as it ﬂows downward through the
column. Owing to its higher density and immiscibility with scintillator, the water ﬂows downward by
gravity against the upward ﬂow of scintillator that is brought into the bottom of the column from the Inner
Vessel. Structured packing in the column assures good mixing and contact between the two ﬂuids. The
water ﬂow rate through the column is 200 kg/hr against a scintillator ﬂow rate of 800 kg/hr. Used water
returns to the evaporator to be re-cycled in a continuous operation. Water with concentrated non-volatile
impurities is continuously wasted from the bottom of the evaporator at a rate of 20 kg/hr, the same rate as
fresh makeup water is brought into the evaporator from the water plant. For the last two water extraction
cycles, which gave the best puriﬁcation performance, all the water in the evaporator was wasted once a day
to assure thorough removal of impurities from the evaporator.
Fig. 7. Fluid handling system showing the general layout for draining scintillator from the bottom of the vessel, followed by options to
distill the scintillator, or to perform water extraction, and ﬁnally nitrogen stripping.
4.1. Results of Water Extraction and Nitrogen Stripping
Six puriﬁcation operations were done with water extraction followed by nitrogen stripping . Each op-
eration processed all 320 m3 of scintillator in the detector once and was completed in about three weeks,.
Evaluations of backgrounds after each operation were made with counting times of a few months. As illus-
trated in Table 2, the operations were successful in reducing all of the major background isotopes, except
for 210Po. Puriﬁcation reduced 210Bi from ≈ 70 counts/(day·100 ton) to ≈ 20 counts/(day·100 ton), and
85Kr from ≈ 30 counts/(day·100 ton) to < 5 counts/(day·100 ton). The 214Bi-214Po delayed coincidences,
which originate more directly from 226Ra in the decay chain of 238U, were reduced by a factor of 77 to <
0.8 counts/(year·100 ton) and the 212Bi-212Po delayed coincidences in the 232Th decay chain were reduced
more than a factor of 3 to < 0.8 counts/(year·100 ton). The results for the 238U and 232Th chains are
remarkable and quite likely a new record in low background counting.
The reduction of 210Bi to ≈ 20 counts/(day·100 ton) is very useful for improving most of the solar
neutrino measurements, but it is still too high for CNO neutrinos, which have an expected high metallicity
rate of 5 counts/(day·100 ton). This relatively high level of 210Bi and the poor results for 210Po motivated oﬀ-
line studies to determine what might be limiting the eﬃciency of water extraction to remove these species.
In particular, since it was known from past studies that the concentration of 222Rn in the groundwater was
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Fig. 8. Water Extraction System including collection and puriﬁcation of LNGS groundwater: Current system, left. Planned upgraded
system with new fractional distillation columns indicated with dashed boxes, right.
Table 2. Reduction of Radioactive Isotopes by Nitrogen Stripping and Water Extraction
Isotope Before Puriﬁcation (cpd/100t) After Puriﬁcation (cpd/100t) Reduction Factor
85Kr 30 < 5 > 6
210Bi 70 20 ±5 3.5
210Po ≈ 5000 ≈ 5000 No Change
238U (226Ra ) (53 ± 5) × 10−19g/g < 0.8 × 10−19g/g > 77
< 0.8 counts/(year·100 ton)
232Th (3.8 ± 0.8) × 10−18g/g < 1.2 × 10−18g/g > 3.0
< 0.8 counts/(year·100 ton)
10,000 Bq/m3, the results raised the question about residual levels of the 222Rn daughters in the water used
for water extraction.
4.2. Studies of Radioactivity in the LNGS Water and the Eﬀectiveness of Water Puriﬁcation Systems
The concentration of 222Rn in the LNGS groundwater of ≈ 10, 000 Bq/m3 motivated the addition of a
nitrogen stripping column to the original water plant to reduce 222Rn to tolerable levels [13]. The low back-
ground requirements of Borexino focussed on reducing 238U and 232Th, which were measured by ICPMS,
and 226Ra ,which was measured by detecting the radioactivity of its daughter, 226Ra. No measurements were
made of 210Pb and 210Po because it was generally known that their levels in the groundwater are typically
≈ 1000 times lower than 222Rn [14], [15]. Moreover, if water puriﬁcation were as eﬀective in reducing the
daughters of 222Rn as ii is for other elements, their concentrations in the puriﬁed water were expected to be
extremely low and very diﬃcult to detect.
For reasons unrelated to radon daughters, measurements carried out in 2011 of trace levels of stable
isotopes in the water revealed a surprising result for 208Pb. Using state-of-art ICPMS methods, the measure-
ments found 208Pb in the unproessed groundwater at a concentration of 80 ppt, and showed only modest
reduction after each stage of puriﬁcation in the water plant compared to other elements. The 208Pb in the
ﬁnal product water was estimated to be ≈ 0.1 ppt. The overall reduction of 208Pb was thus only ≈ 800,
which, though signiﬁcant, is about a thousand times less eﬀective than the reduction of Mg and other ele-
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ments, Using sensitive ICPMS data on stable 208Pb as a proxy for 210Pb to estimate reduction of 210Pb in
the water plant showed that 210Pb could be at dangerous levels for water extraction of the scintillator.
The poor removal of 208Pb by the water plant led to the investigation of 210Po in the puriﬁed water.
Measurements of 210Po in water were made by a standard method involving auto-deposition of 210Po on sil-
ver foils immersed in the water [16], [17]. The method was reﬁned at Princeton to achieve higher extraction
eﬃciency [18]. The 210Po alpha particles on the foil were detected with a low background alpha particle
detector. Direct measurements of 210Po in the LNGS groundwater yielded a concentration of ≈ 1 Bq/m3, in
reasonable agreement with expectations based on 222Rn at 10,000 Bq/m3 [14]. Measurements of 210Po after
each stage of puriﬁcation showed very poor removal, with an overall reduction factor of ≈ 10 in the ﬁnal
product water. These unexpected data revealed a major source of 210Po that would seriously contaminate
the water used for water extraction.
The water from the water plant is distilled in the water extraction plant before it is used for water
extraction. To estimate the ﬁnal concentration of 210Pb and 210Po in the water that contacts the scintillator,
measurements were made of the reduction of non-volatiles by the single stage evaporator used to distill the
water. ICPMS methods were used to measure the concentrations of stable isotopes in the water within the
evaporator, and in the distilled water within the distillate vessel. The concentrations showed the reduction
factor for non-volatiles to be ≈ 300 − 400, typical for a simple single-stage evaporator.
The reduction factors for the water puriﬁcation plant were inferred from direct measurements on 208Pb and
210Po, whereas the reduction for the evaporator assumed non-volatile compounds. The overall estimated re-
duction of 210Pb indicated that it was marginally low enough to prevent contamination of the scintillator at
the current background levels. However, for 210Po the situation was diﬀerent: more 210Po was observed
than estimated, suggesting that distillation might not be as eﬀective for 210Po as expected.
4.3. Evidence for a volatile compound of 210Po.
Motivated by the puzzling results of 210Po, a search of the polonium literature was made for new research
that might explain the data. The search, made by Brooke Russell ’11, turned up research reporting evidence
for a volatile polonium compound produced in biochemical processes by micro-organisms in groundwater
[19], [20]. Extrapolating the boiling points of the lighter dimethyl compounds of stable elements in the same
chemical group as polonium, yielded an estimated boiling point of 138 C for dimethyl polonium [19].
Since a volatile polonium compound could explain the puzzling 210Po behavior in Borexino, tests were
made of distillation for removing a possible volatile dimethyl polonium from groundwater. A fractional
distillation system was designed, based on the estimated boiling point of 138 C, by Koch Modular Process
Systems with predicted reduction factor for 210Po of 1000. The column was built and tested using radon-
contaminated groundwater from a well on the Princeton University campus. Measurements of 210Po in the
groundwater and in the distillate demonstrated that the column was very eﬀective in reducing 210Po. The
reduction factor of 1000 could not be demonstrated due to low rates in the distillate and detector background,
but results did show that the reduction was greater than ≈ 100. When operated as a single-stage evaporator,
210Po was found in the distillate, showing that simple evaporation may not be suﬃciently eﬀective.
4.4. Upgrade of Borexino Water Extraction System with New Fractional Distillation Columns
Based on successful removal of 210Po with the fractional distillation system developed at Princeton, an
upgrade to the water extraction system was designed for use in Borexino. The system has two additional
columns with structured packing and high reﬂux to achieve the same high separation of 210Po as tested in
Princeton. The columns will also signiﬁcantly improve the separation of 210Pb from water. The upgraded
water extraction system is illustrated on the right side of Fig.8. A new fractional distillation system will be
installed between the water plant and the water extraction system, and will be used to distill the makeup
water. A second fractional distillation column will be installed above the existing evaporator in the water
extraction system to assure that the recirculated water is eﬀectively puriﬁed to remove 210Po and 210Pb. The
upgraded system is expected to be installed late 2014.
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5. Summary and Conclusions
Initial scintillator puriﬁcation and other measures produced low backgrounds in Borexino that allowed
measurements of 7Be, pep, and 8B neutrinos. A high level of 210Po background from an unknown source
was compensated with αβ pulse shape discrimination. Future measurements of pp and CNO neutrinos
required lower background from 85Kr and 210Bi. Scintillator re-puriﬁcation was carried out with water
extraction and nitrogen stripping and was found to be eﬀective in reducing 85Kr, 210Bi, 238U, 226Ra, and
232Th. However, the reduction of 210Pb was only moderate, and reduction of 210Po was poor.
The results motivated studies of the water puriﬁcation that demonstrated the ineﬀectiveness of de-
ionization processes for removing 210Pb and 210Po. In addition, the possible presence of a volatile compound
of 210Po, dimethyl polonium, could also made removal of this species by distillation ineﬀective.
A small-scale fractional distillation system was constructed with a design goal of eﬃcient removal of
dimethyl polonium (B.P. 138 C) from water. Tests of the system with radon-contaminated groundwater
demonstrated eﬀective removal of 210Po. An upgrade of the Borexino water extraction system with the
addition of fractional distillation columns is planned for eﬀective reduction of 210Bi and 210Po backgrounds.
Reduction of 210Bi will set the stage for a future measurement of CNO neutrinos.
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